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Conclusion
CR is significantly related to the size of a person’s social network and ongoing 
participation in cognitively stimulating activities. Education is not strongly correlated 
with CR. CR is significantly related to a reduced rate of cognitive decline. Post 
mortem brain pathology provides evidence to support the theory of CR.
theory. 
• Recommending quality social networks and participation in cognitively 
stimulating activities to patients in all stages of life may have some positive 
impact on their cognitive abilities later in life. 
• Unexpectedly, multiple studies found that education alone did not have a 
significant correlation with cognitive reserve.
Limitations and Recommendations
• Researchers used retrospective questionnaires to measure cognitive activity at 
age 40, which includes a potential for recall bias. In addition, a study of how age 
affects bias noted that “increased age is most often associated with under-
reporting rather than over reporting “ (Knauper, B., & Wittchen, 1994).
• Methods of measuring cognitive function were inconsistent throughout the 
research with some using the Mini Mental State Examination (MMSE) and others 
using composite scores from multiple cognitive tests. Therefore, research should 
be devoted to establishing a “gold standard” method of quantifying cognitive 
function in longitudinal studies of Alzheimer’s Disease. 
• Of the articles analyzed, a lack of variability in demographics was noted. To make 
the results of these studies more generalizable, a wider variety of study 
participants must be included. 
• Researchers searched the 5 databases below using the listed search terms.
Background & Purpose
Research Question
Methods
References
Data
Discussion
Bennett, D. A., Schneider, J. A., Tang, Y., Arnold, S. E., & Wilson, R. S. (2006). The effect of social networks on the relation between 
Alzheimers disease pathology and level of cognitive function in old people: A longitudinal cohort study. The Lancet Neurology, 5(5), 
406-412.
Cincinnati Children’s Hospital. (2012). Legend evidence appraisal of a single study: Descriptive, epidemiology, case series. Retrieved from 
https://www.cincinnatichildrens.org/service/j/anderson-center/evidence-based-care/legend.
Kna ̈uper, B., & Wittchen, H.U. (1994). Diagnosing major depression in the elderly: evidence for response bias in standardized diagnostic 
interviews? Journal of Psychiatric Research , 28 (2), 147–164.
Koepsell, T., Kurland, B., Harel, O., Johnson, E., Zhou, X., & Kukull, W. (2008). Education, cognitive function, and severity of neuropathology in 
Alzheimer disease. Neurology, 1732-1739. 
Lachman, M.E., Agrigoroaei, S., Murphy, C., & Tun, P.A. (2009). Frequent cognitive activity compensates for education differences in episodic 
memory. American Journal of Geriatric Psychiatry , 18 (1), 4–10.
Reed, B. R., Dowling, M., Farias, S. T., Sonnen, J., Strauss, M., Schneider, J. A., . . . Mungas, D. (2011). Cognitive activities during adulthood are 
more important than education in building reserve. Journal of the International Neuropsychological Society, 17(04), 615-624. 
Wilson, R. S., Nag, S., Boyle, P. A., Hizel, L. P., Yu, L., Buchman, A. S., . . . Bennett, D. A. (2013). Neural reserve, neuronal density in the locus 
ceruleus, and cognitive decline. Neurology, 80(13), 1202-1208. 
The Relation Between Cognitive Reserve, Functionality, and 
Post-Mortem Cortical Structures in Adults with Alzheimer's Disease
How does cognitive reserve influence the relation between reported functionality 
and brain structures of adults with Alzheimer’s Disease? 
Results
Authors: Meredith Towey, Emily Fender, Kiarra Hill
• The researchers conducted a full-text review of the remaining articles using the 
exclusion criteria below while double reviewing 83%. Any discrepancies in 
inclusion status at this stage were resolved via group collaboration. 
Exclusion Criteria:
1) fails to mention pre-mortem levels of cognitive functioning 
2) fails to include post-mortem brain analysis
3) participants do not have Alzheimer’s disease
A theory that explains the discrepancy between expected lower cognitive abilities 
due to the presence of cortical pathology and higher actual cognitive 
performance. (Reed et al., 2011)
• It is believed that certain life experiences, such as education, social interaction, 
or cognitively stimulating activities, may contribute to building cognitive 
reserve (CR).
• CR may delay a clinical diagnosis of Alzheimer’s because it may postpone the 
onset of symptoms even in the face of physical pathology.
• Identifying which life experiences have the most impact on building cognitive 
reserve could help postpone the onset of Alzheimer’s disease for future 
generations and increase the number of quality years individuals may have.
The purpose of this study is to examine how cognitive reserve influences the 
relation between reported brain functionality and cortical atrophy in adults with 
Alzheimer's Disease. The research team will discuss clinical implications and future 
directions for research related to the cognitive reserve theory.
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Additional records identified 
through other sources 
(n =  0 ) 
Records after duplicates removed 
(n = 303 ) 
Records screened 
(n =  303 ) 
Records excluded 
(n = 291 ) 
Full-text articles assessed 
for eligibility 
(n = 12 ) 
Full-text articles excluded, 
with reasons 
(n = 8 ) 
Studies included in 
qualitative synthesis 
(n = 4 ) 
Studies included in 
quantitative synthesis 
(meta-analysis) 
(n = 4 ) 
Note. 4a= good quality descriptive/epidemiologic study; 4b= lesser quality 
descriptive/epidemiologic study; RMAP= Rush Memory and Aging Project (longitudinal study 
that requires participants to be >55 years, have no dementia diagnosis at enrollment, 
undergo annual cognitive evaluations, and donate brain for post-mortem autopsy; conducted 
in Chicago Metropolitan Region with participants recruited from retirement communities, 
social service agencies, and subsidized housing facilities); ROS= Religious Orders Study (a 
longitudinal study of 40 groups of Catholic nuns, priests and brothers across the United 
States; requires participants to have no dementia diagnosis at time of enrollment, agree to 
annual clinical evaluation, and brain donation) 
Study: Bennet et al. 
(2006)
Koepsell et al. 
(2008)
Reed et al. 
(2011)
Wilson et al. 
(2013)
Quality: 4a 4b 4a 4a
Participants: n=89 n=165 n=652 n=2,051
Recruited from: -RMAP -27 Alzheimer’s 
Disease Centers in 
North America
-RMAP
-ROS
-RMAP
Age at Death:
mean(SD)
87.2(5.9) 65-69 8.1% 87(6.67) 88.6(5.7)
70-74 13.7%
75-79 23%
80-84 26.6%
85-89 16.8%
90+ 11.8%
Education:
mean(SD)
14.4(3.3) less than high 
school: 17.5%
16.76(3.69) 14.7(2.7)
high school 
graduate: 27.2%
beyond high 
school: 55.35
Gender (male): 44.9% 49.4% 40.34% 33.5%
White (non-hispanic): 94.4% -- 94.79% --
• After deduplication the researchers conducted a title/abstract review of the 
remaining articles using the inclusion criteria below.
Inclusion Criteria:
1) mentions some lifestyle element that could impact cognitive reserve 
2) contains quantitative analysis of brain functionality
3) includes a post mortem brain analyses
4) participants include adults with a diagnosis of Alzheimer’s disease
5) original research in an English peer reviewed journal
• Researchers were 90% reliable for inclusion status after double reviewing 25% 
of the total articles. 
Prisma Chart Study Quality and Participant Demographics
Wilson, et al. 
(2013)
 Neuronal density in specific brainstem nuclei is related to 
the primary clinical manifestation of AD, accelerated 
cognitive decline
 Noradrenergic neurons in the locus ceruleus are 
primarily responsible for the association of density to 
the manifestation of Alzheimer’s Disease
• Neuronal density and pathology (i.e., tangles and Lewy bodies) each had 
independent associations with cognitive decline, but higher neuronal 
density had the effect of subtracting from the effect of pathology on 
decline
• Higher neuronal density in the substantia nigra (along with the locus 
ceruleus and dorsal raphe nucleus) was associated with slower cognitive 
decline
Reed et al. (2011)  Reserve is defined as the residual variance of the 
regression of cognitive activities on brain pathology and 
was captured as a latent variable
 Standardized factor loadings to display the covariance 
among residual cognitive scores provided strong 
evidence for a unidimensional, global cognitive reserve  
(standardized loadings ranged from .82-.92)
 Statistically significant relationships between the latent cognitive 
reserve variable and noted brain pathology in the following regions: 
1) neocortical neurofibrillary tangles
2) micro-infarcts
3) infarcts
4) Lewy bodies
5) brain weight
 Suggests a strong relation between a latent cognitive reserve variable 
and Alzheimer’s Disease and dementia pathology
Bennett, et al. 
(2006)
 Change in cognitive function in disease pathologies was 
greater for participants with smaller social networks
 No association between amyloid and social networks
 More tangles seen in those with lesser sized social networks
Koepsell et al. 
(2008)
 A majority of people with higher education remained in 
the mild Alzheimer’s Disease category for longer 
 Beyond high school education, there’s no statistical significance between 
Braak & Braak Stages*: (P = X < 0.001) 
 No evidence that education-related advantages in cognitive performance 
increased with more advanced AD neuropathology
Wilson, et al. 
(2013)
• Information not included in the article  Education had a marginal association with neuronal density in the 
substantia nigra (P=0.038), but not for any other neurons
 Higher average tangle density in the brainstem nuclei not related to 
education
 Higher average Lewy body density in the brainstem nuclei not related to 
education
Reed et al. (2011)  Negatively related to reserve when controlling for other 
factors 
• Information not included in the article
Reed et al. (2011)  The marginal correlation (mc) between cognitive 
stimulation at age 40 had the strongest prediction of 
reserve (mc=.62)
 The marginal correlation (mc) between 
cognitive stimulation later in life was the second 
strongest predictor of reserve (mc=.52)
 Participating in cognitively stimulating activities at age 40 made the 
largest influence on the total variance between neuropathology and 
cognitive function
*Braak & Braak Stages are stages of Alzheimer’s determined by the presence of neurofibrillary tangles
Cognitive Functionality Post-Mortem Analysis
Global Cognitive Reserve
Global cognitive reserve (GCR) is significantly associated with 
neuropathology. Researchers currently use retroactive analysis to measure 
GCR by using putative cognitive reserve (CR) characteristics as a latent 
variable in relation to post mortem brain analysis. Despite differences in the 
methodology of obtaining CR scores, CR remained significantly related to 
brain pathology. GCR is reported to influence neuronal density of regions 
associated with cognitive decline. 
Individual Characteristics
The articles also examined the strength of individual putative CR 
characteristics on cognitive function and brain analysis. These articles 
maintain that cognitive reserve can be built, to some extent, by a series of 
lifestyle factors. 
• Larger social networks were associated with reduced neurofibrillary 
tangles. 
• Education, up to a high school diploma, was associated with a 
prolongation of the initial stages of Alzheimer’s Disease. Education, after 
a high school diploma, was not significantly related to neurofibrillary 
tangles (Koepsel et. al., 2008). 
• According to Reed et. al., cognitive activities after the age of 40 resulted 
in the strongest relation to cognitive reserve, when controlled for 
education suggesting that ongoing participation in cognitively stimulating 
activities is the strongest predictor of the development and maintenance 
of cognitive reserve (2011).
• Results suggest “that cognitive activity during adulthood can 
compensate for low education on the outcome variable memory 
performance” (Lachman, Agrigoroaei, Murphy, & Tun, 2009). 
• No studies reported a significant relationship between socioeconomic 
status and CR. 
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Databases Search Terms
Proquest “Cognitive Reserve” OR “Functional 
Reserve” OR “Cognitive Plasticity” OR 
“Behavioral Brain Reserve” OR 
“Neurological Brain Reserve” OR “Brain 
Reserve”
PsychInfo
Ageline “Alzheimer’s” OR “Alzheimer” OR 
“Dementia” OR “Delirium” OR “Age 
Related Memory Loss” OR “Neural 
Degeneration”
Academic Search Premier
CINAHL “Postmortem” OR “After Death” OR 
“Autopsy”
Quality Appraisal
• Quality appraisal of the remaining 4 articles was completed using the Legend: 
Evidence Appraisal tool for All Domains in the areas of Descriptive Study, 
Epidemiologic Study, Case Series (Cincinnati Children’s Hospital, 2012).
• All of the researchers reviewed all 4 articles and were 100% reliable in their 
decisions.
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